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INTRODUCTION 


Oxygen, because of its vital relationship to man's physical well being, 
is the most important chemical element. iIt-may be breathed, however, only 
in a rather limited range of concentrations and pressures without producing 
ill effects. An excess of oxygon may be equally as harmful as too little 
of it. Because of the importance of these effects, the study of the 
physiological action of oxygen has received attention for many years and > 
by many investigators. Much of the investigative work has been directed 
toward dotermining the limits within which oxygen in abnormal concentra- 
tions and at abnormal pressures may be breathed with safety in euch applica- 
tions as dcep~soa diving, work in compressed-air, aviation, tho woaring of 
apparatus designod to permit entrance into irrespirable atmosphores, and in 
the therapeutic applications of the medical profession. 


The Bureau of Minos frequently recoivos requests for information on — 
the cffocts of broathing essentially pure oxygen, because of the Bureau's 
association with tho uso of self-contained oxygen broathing apparatus for 
entering irrospirable mino atmospheres, and the uso of oxygon in conjunction 
with artificial rospiration as a. moans of resuscitation. Tho purposo of 
this paper is to summarizo briofly tho cffects upon tho human body of tho 
inhalation of oxygen in various concentrations and at various pressurcs 
and to give roference to other published information that doals in groater 
dotail with tho divorso phases of tho subject. The literature in this field 
is voluminous; thorofore, a complotc bibliography has not been prosonted in 
this papor. No papor on this subjoct would be complote without roforonce 
to tho classic pionooring work of Panl Bort (1)3/ in this ficld. Articles 
such as those of Stadie, Riggs, and Haugaard (2), Bean (3), Specht (4), 
and others cited contain extensive lists of references that will lead the 
reader to information in a degree of detail that is not within the scope 
of this publication. | 


MECHANISM OF RESPIRATION 


As the effects of inhalation of oxygen under any condition of con 
centration or pressure have their inception through the process of respira- 
tion, that process is reviewed briefly to facilitate discussion of erfects 
and actions that occur in the body subsequently to the initial intake of 
the oxygen-containing atmosphere. The mechanism and chomistry of the 
respiratory process are presented in detail in many text books of physiology 
(5) (6) (7) (8); the following are summarized statements from such sources. 


The utilization of food and oxygen in the maintenance of life cansists 
primarily of combustion processes. The essential elements of food are 
absorbed and carried by the blood to the body tissues where they are stored 


3/ Numbers in parentheses indicate references in the bibliography appended 


to this paper. 1 
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as fuel for the production of heat and mechanical energy as required. Com 
bustion or oxidation of this fuel supply is accomplished by oxygen carried 
by the blood stream from the lungs to the tissues where the combustion 
processes take place. Little or no oxidation occurs in the lungs or blood, 
Carbon dioxide that results from combustion or oxidation in tho tissues is 
carried thence by the blood to the lungs, from which it is exhaled as a 
waste product. The transport of both oxygen and carbon dioxide by the blood 
is accomplished by readily reversible chemical reactions, in which the 
hemoglobin of the blood is involved, but in distinctly difforent ways for 
the transport of the two gases. 


As in any combustion process, the rate at which energy may be produced 
by the body is dopendent on the rate at which fuel is burned, which, in 
turn, requires that the rate at which oxygen is supplied be increascd as 
energy is required. Thus, upon physical exertion tho rate of respiration ~ 
mst be increased, and, as fuel is burned at a moro rapid rate, the rate of 
production of carbon dioxide. increases also. It is the concontration 
(tension) of carbon dioxide in the blood stream that regulates tho rate of 
respiration by acting upon the rospiratory nervo contor in the train. As 
tho tension of carbon dioxide in tho blood tends to incroaso because of 
increased rate of combustion in tho tissues, tho rospiratory center is 
stimlated, and rato of respiration (or. lung ventilation) is increased 
automatically, with tho result that the concentration of carbon dioxido 
in the lungs is roducod proportionataly.. When tho degree or extent of 
physical oxertion is docroased, the carbon dioxide contont of the blood 
tends to decroasc, and tho rospiratory ccntor again acts to docreaso: the 
rate of lung ventilation, This rogulatory mchanism functions to-maintain 
an essentially constant tonsion of carbon dioxide in the arterial blood 
and in tho air in the alveolar spacas of tho lungs by varying tho rate of 
lung ventilation or oxygon intako to met the ecnorgy recuircmonts of tho 


body. | 


The oxygen requirement of the body also is acccmmodatod through tho’ 
respiratory contor of tho brain, although in a somewhat difforont manner: 
Carbon dioxido acts diroctly upon this centor, but tho domand for oxygon 
is oxorted first upon tho carotid sinus, a small bulb on tho carotid artery 
of the nock, which commnicatos through nervos with the rospiratory ccntor 
of the brain, In contrast to carbon dioxido,. oxygon producos a stimlus 
of the respiratory center only whon tho body roquiros an augmonted supply of | 
oxygen. An excoss of oxygon in tho lungs. doos not tond to change the 
respiratory rate. If a normal man inhalos pure oxygon instead of air, 
neither his broathing nor the consumption of oxygen by his body aro in- | 
creased markedly, In fact, tho effect of inhalation of high concentrations 
of oxygen on metaboliam (chomical changes that occur in the functioning of 
living tissue) appoears somowhat controvorsial (2) (3).. The fact that the 
rato of oxygen consumption doos not increase significantly under this 
condition rofutes the oarly thodry that pure oxygen might not be broathed 
without dangor of "burning up" tho body through oxcessively rapid oxidation. 


Tho control of rospiration cxortod through tho carotid sinus comos into 
pley only whon, through vigorous physical offort,; oxygen is consumod in tho 


3806 -2- 


Google 


tissues more rapidly than it can be transported by the blood from the lungs 
to the tissues, or when an atmosphere deficient in oxygen is inhaled. Thus, 
under normal conditions of physical activity » and when breathing atmos- 
pheres of normal oxygen content, carbon dioxide in the tissues and blood 
stream exerts the chief and immediate control over rate of respiration 
(lung ventilation). 


The complete mechanism of respiration is not as simple as set atin 
in the preceding paragraphs. Other factors, such as bload chomistry, 
modes of transportation of oxygen and carbon dioxide by the blood, and en 
significance of the hydrogen-ion concentration of the blocd, are not within 
the scopo of this publication. 


SIGNIFICANCE OF PARTIAL PRESSURE 


Ths specific physiological effects produced by inhalation of a gas may 
be expressed by relating the nature or dogree of effect to a certain 
coricontration of the gas designated on a volume basis. Thus, it may be said 
that air containing 0.01 percent by volume of a cortain gas may bo breathed 
for 8 hours without ill offects, or that 500 parts of the gas por million 
perts of air may be dangerous to life for even a short exposure. Such 
torminology is used gonerally in defining the so-called "maximun allowable 
concontrations" of gasos and vapors that may be encountered in various 
enviroments and in most circumstances is an adequate form of expression. - 


It mst be recognized, however, that the entrance of a gas from the 
lungs into the blood and body tissues is governed largely by ‘the partial 
pressure of that gas in the air or other mixture of gases inhaled, Partial 
pressure of a single gas in a mixture of gases is defined as the product of 
the concentration of that gas, on-a° volume basis, mitiplied by the existing 
absolute pressure, For example, in normal air containing about 21 percent 
by volume of oxygen and 79 percent by volume of nitrogen (and other inert 
gases), the partial pressure of the oxygen at.sea level, with a barometric 
pressure of 760 um. of mercury, is 


0.21 x 760, or 159. oe 


and the partial. Prossure of the nitrogen is 


0.79 x 760, or 600,4 mm, 
In contrast, if one were at an altitude of 5,000 feot above sea level, 

where the barometer registers about 630 m, Pressure, the partial pressure 
of oxygen in the atmosphere would be 

0.21 x 640, or 132.3 mm. 
Thus, although the oxygon content of the atmosphere is constant at 21 porcent 
by volume both at sea level and at an altitude of 5,000 feet, the partial 
pressure of oneen in the pee oboe at the Brees altitude is decreased 
markedly. | 


As gases such as oxygen are taken into the body mainly by solution and 
diffusion through the moist membranes of the lungs, the significance of 
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partial pressure is evident, because the volume of a ges dissolved in a 
liquid, at a given temperature, is proportional to the partial pressure of 
that gas acting upon the liquid. ‘Thus, for ae givon volume of air inhaled 
into the lungs, e sueller quantity Woight) of oxygen will enter the body 
for ita vital functions at the lower beromotric pressure existing at 5,000 
feet altitude than at sea level, although the percentage eee of 
the air is tne same at both tocations. 


Conversely, breathing air \(Geener teabely 1/5 oxygen by volume) at an 
absolute pressure of five times atmospheric (5 atmospheres) would have the 
same effect, insofar as oxygen is concerned, as breathing pure oxygen at 
a pressure of 1 atmosphere, 


To illustrate further the principle of partial pressure: A man could 
not survive in an atmosphere containing only 5 percont of oxygen et 
atmospheric pressure, but if the nroessure were increased to 4 atmospheres, 
tho particl pressure of oxygon would be cssontially that of normal air, 
and life could be maintainod, insofar as oxygen requiremonts aro concocrnad, 


In considoring and discussing tho offects of thc inhalation of oxygen, — 
particularly et pressures grcatcr than 1 atmosphoro, it is convcniont to 
dcsignato tho concentration of oxygon in.torms of atmospheres partial 
prossurc rathor than as perccnt by volume, Thus, puro oxygon (100 perccnt) 
at a prossure of 1 etmosphere may be Gesigneted at "1 atmosphere of cxygen;" 
pure oxygen at a pressure of 2 atmospheres may be designated as "2 atmos- 
pheres of oxygon," rather than by the confusing term of "200 percent oxygen;" 
and normal airy at atmospheric pressure may be considered as represonting . 
approximately 0.21 atmosphere of oxygen. | 


EFFECTS OF INCREASED OXYGEN CONCENTRATION 
AT ATMOSPHERIC PRESSURE 


Considerable experimental work has been done on the eff ects of breathing 
oxygen in various concentrations in a that of normal air, and, as 
usual in such investigative work, there is somo divergence in tho conclusions 
reachod. Reviows of tho work such as those of Bean (3) and of Stadio, 

Riggs, and Haugaard (2) ovaluateo the findings of tho | various investigators 
end pormit dofining the offects in their goncral aspects, at lcast. 


On tho basis of thosc.rovicws it may bo concludoa that broathing 

- inercased concentrations of oxygen up to 100 percont at atmosphcric pressure, 
(a) has slight or possibly no offoct upon tho oxidation proccsscs in tho 
body tissuos, (b) no significant chango in respiration is causcd, and (c) 
prolongod exposure to high concentrations of oxygon rosults in {esi tation 

of tho lungs and othor pulmnary scquolac. 


Tho sovority of offccts of broathing oxygon in conccntrations thet may 
cause symptoms is a function of tho duration of oxposure as Woll as tno 
concentration of oxygon. Stadio, Riggs, and Haugasrd (2), on tho basis 
of findings of many investigators, concludo that oxygon at atmosphoric 
prossuro and in a concontration of 60 percont by volumo (0,6 atmosphoro) 
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may be breathed "4 ndef int tely" without 111 press... and that 99 to 100 
percent (0.99 to 1.0 atmosphere) oxygen may be inhaled for 24 hours without 
producing symptoms. It mst be noted that considerable variation oxists 

in the opinions of the cited investigators in regard to the effects of 

pure oxygen, as the suggested safe oxposures rango from 7 to 40 hours. Com 
sideration of ‘tho literaturo on tho subjoct, Howevor, indicates that with 
increasing knowlcedgo of the subjoct tho trend is toward accoptanco of tho 
higher limt rathor than tho lowor, 


EFFECTS OF OXYGEN AT PRESSURES 
GREATER THAN ATMOSPHERIC 


Although the offccts of incroasced concentration of oxygen at 
atmosphoric prossuro arc charactcrizod mainly by lung irritation and othor 
pulmonary involvcmonts, inhalation of oxygon at highor prossuros produco 
symptoms of tho central norvous systom. At prossuros of oxygon groator 
than 2 atmosphores tho offocts on tho central norvous systom aro said to | 
prodominate (2). Symptoms of oxygon poisoning producod by high partial 
prossuros of oxygon aro convulsivo soizuros of tho hoad, nock, and limbs, 
irrogular ond laborod broathing, nausoa, and in somo casos apnoa, or 
compicto tomporary ccssation of breathing. — 


Behnke, Forbes, and Motley (9) studied the effects upon men of oxygen 
at pressures up to 3 atmospheres andobserved dizziness, mental confusion 
or stupefaction, and changes in vision, Symptoms during the first 3 hours 
of such exposure ere doscribod as not distressing, but during the fourth 
| hour severe ond sometimes clerming symptoms occurred, including dizziness, 
nausea, and montal erewoes) cLlthough consciousness was rotainod. | 


Behnke, Johnson, Poppen, and Motley (10) observed that mon breathing 
oxygen at a prossure of 4 atmosphcres wera affected by viclont symptons 
after approximatoly 45 mimutos’ exposure. At this prossure, convulsions 
or fainting may occur, | 


Griffith and Schronk (11) doscribo tho woaring for oxporimntal pur- 
poses, of solf-containod exygon breathing apperatus (which supplicd ossenti- 
ally puro oxygon to thewaror at the sate prossuro cs that of the ambiont 
atmosphore). in a subd-aquoous tunnel undor. construction, in which air 
prossuro wos mintainod at a gago prossuro of 36 pounds por squaro inch, 
or about 3.5 atmosphoros absolute. In ono oxporinont tho subjoct, who 
oxorcised vigorously, oxporionced complete temporary cossetion of broething 
after 31 minutos, and, in | socond oxperinont, violont incroasos in reto- 
and force of rospiration, followod ‘by neusoa, in 36. rinutos. 


Haldano (12) doscribos a fooling of toreor aftor rocovory from cor 
vulsive scizuros inducod in hinsolf by oxposuroe to oxygon at high prossuro 
and concludes that with a prossuro of 7 atrosphoros of oxygon > rimtos ig 
about the linit of human reDeremeos 


Various other systonic offocte aro deserted end discussed in dotail 
in the roviows previously citod (2) (3). | 
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Stadio, Riggs, ond Haugaard (2), in summarizing tho igtings of mony 
investigators, present tho following data on oxygon pressuro ond duration 
of inhalation that may bo See by nan without dovolopnont of syuptons: 


Oxygen prossuro, Tino lnit for han without 
atrosphoros dovelopront of syruptorns, hours — 
| a to 40 oe 
0.75 to 3 
0.5 to @ 


0.2 to 0.7 - 
0.1 
0.05 


Tho presonco of carbon dioxido associatod with oxygon at erewated 
prossuro causos Doro pronouncod offocts than oxygon elono (13), although 
it appoars controvorsial whothor tho carbon dioxide onhancos tho offocte 
of the oxygen, or vice versa (2), Nitrogen associated with oxygen is 
apparently without effect as regards the symptoms of oxygen poisoning. 


WON EF UW pb» 


EFFECTS OF AIR AT INCREASED , PRESSURE 


Exposure to the effects of air at pressures greater than atmospheric 
is confined chiefly to diving operations and to work carried on in caissons 
or in under-water tunneling where the hydrostatic pressure of the 
surrounding water, or water-bearing stratum, is balanced by the prossure of 
compressed air to provide space and a habitable -environment for those engagod 
in the work, The groator pressures aro encountorod in deop-sea diving, 
and consoquontly tho groator hazards with rospoct to tho offocts of oxposure 
to comprossod-air, aro. associatod with diving, although tho physiological 
factors involvod aro similar in all phasos of comprossod~air’ work. 


Each foot of depth below the surface of fresh water exerts a pressure 
of 0.4335 pound per square inch (about 0.446 in seawater). For work at 
any given depth, air mst be supplied at sufficient pressure to balance the 
pressure of the water at that depth. Tis, in diving in fresh water toa 
depth of 100 feet, the gage pressure would be 100 x 0.4335 or 43.35 pounds 
per square inch; consequent Ly, air mist be supplied to the diver at this 
pressure. As the atmosphere exerts its norml-‘pressure of 14.7 pounds per 
square inch upon the surface of the water, the total (absolute) air pres- 
sure to which the diver would be exposed is 43.35 + 14.7, or 58.05 pounds 
per square inch. Expressed in atmospheres, this pressure is (BO, or 3.95. 

14.7 
As the air contains about: 21 percent by jan of oxygon, the partial pres- 
sure of oxygen to which the diver would be exposed is 0.21 x 3. 95,‘ or 0.83 
atmosphere. 

It is evident, therefore, that in decp diving the effects of high 
partial pressure of oxygen mist be considered... For oxample, in dives 
with compressed air to a depth of 300 fcot, which have been accomplished, 
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the partial pressure of oxygen to which the diver is exposed exceeds 2 
atmospheres, which, as discussed in a preceding section, may induce lung 
irritation on fairly short exposure, To avoid this effect, synthetic 
mixtures of gases of lower oxygen content than normal air have been used 
in diving to great depths. 


in diving, the effects of accumlation of carbon dioxide exhaled by 
the diver mst be considered also, because the partial pressure and physio- 
logical effects of this gas increase as air pressure is increased. Thus, 
at atmospheric pressure an accumlation of 2 percent of carbon dioxide 
in the diver's helmet would have no marked effect upon him, whoreas at an 
air pressure (absolutc) of 5 atmospheres, or the equivalent of diving 
to a depth of 135 feet, the effects of this porcentage of carbon dioxide 
would be the same as 10 percont of this gas at atmospheric Brobete » which 
would producc serious symptoms in a short timo (14). 


Hill (15) states, in rogard to tho rato of air supply required by a 
diver to provont cffocts from carbon dioxidc, that "whatevor the prossuro 
a divor is undor, hoe roquiros the samo volume of air measured at that 
prossuro," Hill statos furthor that a divor at work mst be suppliod 
with at loast 1.5 cubic foot of air por minuto at whatovor pressure he may 
bo, and that a gercator volum is to bo proforrod to maintain tho carbon 
dioxide in tho divor's holmt at a safc lovcl, Tho abovo figuro is a 
significant ono in considcring tho dclivory of air pumps or compressors to 
dotermino thcir adcquacy for proposed diving oporations. 


Although tho offccts of partial prossure of oxygen and carbon dioxido 
in comprossod-air work aro significant, tho most important cffoct is that 
of tho nitrogen of tho air. The body fluids and tissuos aro capable of 
dissolving nitrogon, and, as pointod out in a previous soction, tho oxtont. 
of this solution is proportional to tho particel prossuro of tho nitrogon. 
Thus, as a workor in compressed-air is subjccted to incroasod eir prossuro 
tho nitrogon of tho air dissolvos in his body, and the quantity of nitrogen 
dissolved is dopondent on tho pressuro and tho duration of oxposuro to that 
Prossure. Tho offocts of the solution of nitrogen may bocomo ovidont whon 
the worker is "decompressed" to atmospheric pressure. Undor proper 
decompression the dissolved nitrogen is transported by the blood from the 
tissues to the lungs, whence it is exhaled, or it may diffuse harmlessly 
through the skin; but if decompression is too rapid, the nitrogen will 
form bubbles, or gas emboli, in the blood stream and in body tissues, re- 
sulting in symptoms such as pain in the joints, paralysis, and, in severe 
cases, death, Detailed discussion of the symptomatology and pathology of 
caisson illnoss, or the "bends," is not within the scope of this paper; 
tho subject is covered thoroughly by other publications (3) (6) (12) (15) 
(16) (17) (63). 


An additional action attributed to tho solution of nitrogen in tho 


body under compressed-air is a "narcotic" effect (18) (19), which results 
in abborations in montal response and behavior. This cffect is not 
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accepted by others (3) as being attributable solely to nitrogen, but thero 
scems no question, on the basis of oxperimontal and practical observations, 
that such effect exists, whatevor its oxact causo may do. 


In caisson work and sub-aqucous tunnoling, where men often most undor 
go vigorous physicel oxortion in comprossod-air, tho cffoctse of the solution 
of nitrogon in thoir bodies is of chiof significanco, becauso working 
pressures usually aro not high enough to induco the polsoning cffocts of 
incroased partial pressure of oxygen, and undor most conditions tho 
accumulation of carbon dioxido doos not prosont a problom (20). 


Tho extont of solution of nitrogon in the body, and therofore tho 
possibility of oxporioncing tho "bonds" (ccisson illnoss), upon docomprossion, 
is rolated to both the prossuro of tho air and tho duration of oxposurc to 
that prossuro. To avoid, as Tar as possiblo, tho incidence of caisson 
ilinose of workors in comprossod air, tablos of safo working timcs ct 
various rangos cf pressuro havo boon dovcloped. Levy (20) cites such 
tablos, onactod into law in Now York Stcto (1920), es follows: 


Air prossuro, pounds por 


equaru inch, gago Maximum pormicciblo working timo 
More than atmospheric and 8 hours in any 24 hours, with return to 
less than 22, normal pressure for at least 40 minutes 


during tne &-hour period. 


22 or over and less than 30. 6 hours in any 24 hours, with the 6 
: hours divided into two 43-hour periods 
separated by a least 1 hour at normal 
pressure. 


30 or over and less than 35. 4k hours in any 24 hours, with the 4 
hours divided into two 2-hour periods 
separated by at least 2 how's at normal 
pressure, 


35 or over and less than 40. 3% hours in any oh hours, with tho 3 
e hours divided into two 1-1/2 hour periods 
separated by at least 3 hours at normal 
pressure. | 


40 or over and less than 45, 2 hours in any 24 hours, with the 2 
| hours Givided into two l-hour peoriods 
soparated by at least 4% hours at 
normal prossuro. 


45 or over and less than 50, 90 mimutes in any 24 hours, with the 90 
. minutos divided into two 45-minute per- 
icods scparatod by at least 5 hours at 
normal prossure. 
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As the return to normal pressure after exposuro to compressed air 
my not bo accomplished too rapidly without danger of tho formation of 
bubbles of nitrogen in tho blood and body tissuos, so-called "docompression 
schodulcs" havo boen dovelopod to provide roasonable safety from caisson 
ilincss of workors in compressed air. Lovy (20) citos the ———e 
provisions of ‘tho law of Now York Stato (1920): 


A stago decompression shall bo used in which a aes of ono~ 
half maximum gage prossuro shall bo at tho rato of fivo pounds 
por minute. Tho remaining docompression shall be at a uniform 
rato, and tho total timo of docomprossio shall oqual the timo 
spocifiod for tho original meximam pressuro. 


Whore the air prossuro is groater than normal and less than 
15 pounds to tho square inch, docomprossion shall be at tho mini- 
mm rato of 3 pounds por mimto. 


Whoro the air prossure is 15 or ovor and loss than 20 
pounds to tho squaro inch, docomprossion shall a at tho minimm 
rato of 2 pounds por mimto. ' 


Whorc tho air prossuro is 20 pounds or ovor and loss than 
30 pounds to thc squaro inch, docomprossion shall bo at tho mnt" 
mam rato of 43 pounds ovory 2. minutos. 


Whoro tho air prossure 4s 30 pounds or ovcr to the squaro 
inch, docomprossion shall bo at the minimum rato aos @ pound por 
minuto, 


Tho forogoing saeuteereas aro includod to illustreto that tho dogrco 
of prossuro to which the person working in comprcssod air is exposod de- 
torminos both the safo maximm oxpesuro and tho safo minimm time of de- 
comprossion. Tables and schedulos similar to tho forogoing havo boen 
dovolopod for diving oporations (21). It is gonorally considerod that 
during docomprcession tho air prossure may be roducod by half without 
sorious hazard from the devclopmont of bubbles of nitrogon.in tho body. 
Thus, a divor my bo reisod from tho bottom in stages or stops, oach of which 
is at such dopth that tho prossuro is half that at tho procoding stago. 
Tho divor romains at oach stago for ocnough tino to permit gradual roloaso 
of tho nitrogon fron his body at that dopth and corresponding prossuro. 
Navy diving procoduro (21)includos the requircmont that tho rato of. ascont 
botwoon stagos shall not excocd 25 foct por ninuto. 


In doop- soa diving the roquired tino of Secctrodeion often is theo 
liniting factor in dctormining tho dopth to which a dive may bo made with 
roasonablo safoty. Bocauso of tho possiblo onsot of bad woathor and rough . 
seas during a divo, it is ovidont that diving to groat depth is accompanicd 
. by ‘tho hazard of REE er ere that a ariso during me long poriod of 
docorprossion.. 
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Recognizing that greater depths might be reached in diving and that 
the hazards of diving to any depth might be reduced by shortening the tim 
of decompression, several persons, yf independently and at about the sam. 
time, conceived the idea of using helium-oxygen mixtures rathor ‘than.com _ 
pressed air for deep diving. The idea possessed several attractive . 
possibilities: (1) Because of its lower solubility, a smaller volume of 
helium would dissolvo in the body at a given pressure and therefore would . 
‘present a slighter possibility of formation of gas emboli, or bubbles, on 
docomprossion; (2) because of its lower density and eroater. moleculer 
activity, holium should diffuse more rapidly than nitrogen through body. 
tissues; and (3) the uso of synthotic holium-oxygon mixtures instoad of 
compressed air would pormit adjustment of tho oxygon contont of. the pdxturo 
to avoid oxygon poisoning by oxccssivo partial pressures of. oxygen. Expor-— 
imonts that substantiatod thcso thoorics woro conducted by tho Burcau of 
Minos (22) (235) (24) (25). Lator, Bohnko and Yarbrough (26) domonstratod 
that tho "narcotic" offoct of oxposure to holium-oxygon mxturos undor. . 
pressuro was loss then that of air (or argon-oxvgon mixturos). ‘Tho practi- 
cal valuo of holium-oxygon mizturos in docp diving has bcon domonstrated — 
during roscuo and rocovory operations conductod aftor tho sinking of tho 
submarino U. S. S. "Squalus" (27) and in othor operations (28). , 


EFFECT OF OXYGEN- DEFICIENT ATMOSEHERES 


Porsons may bo sibieeted to tho offocts of a cthones dof Loiont in 
oxygon oither by broathing gasoous mxturos thet at normal prossuro contain 
loss than 20.94 porcont by volumo of oxygcn, or by breathing air at 
roduced pressuro, as at high altitudos, whoro the partial prossuro of 
oxygon is roduccd, although tho oxygon concontration, on-a porcontago basis, 
is norm. Discussion in this soction is confinod to tho first caso; that 
ie, tho offccts of atmospheres containing diminishod porcentogos of oxygon 
at ordinary beromotric prossuros. Such atmosphoros may bo oncountered in 
confinod spaces, suclr 4s minos, Wolls, and holds of ships, whoro the oxygon 
‘ contont of tho atmogphoro may be roducod by chomical reaction with soro 
substenco prosent,. by sorption, as on coal surfacos, or by displacoment and 
dilution by othor gasos, such as mothano or en that may occur or : 
omanato in tho -BPEeee ; 


; Although some individual variations apoarently exist in response to a 
given reduction of oxygen in the breathed atmosphere, the symptons may 
be generalized without loss of erplasie. The firat signs of onoxia (want 
of oxygen) are increased rate and depth of breathing and increased pulse . 
rate. Progressive symptoms with decreasing concentrations of oxygen are | 
increased respiration, impairment of judgment, emotional instability, ix 
regular respiration, nausea, loss of ability to move, unconsciousness, and ~ 
death. Such symptoms occur in sequence if a man is subjected rather slowly 
to progressively decreasing concentrations of oxygen. In some instances, men 
exposed accidentally to Ory ech ten Acton atupephers have fallen and remained 


‘Seo Yant, W. P., Ind. and Eng. Chom; neds ol; vol. 8; Mare 10, 1927, 
~ pp. 4-5, for discussion of the various claims to origination of the 
idoa, 
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inert, unable to move, but semiconscious and, although realizing that death 
was imminent, not greatly concerned by their plight (6). In other situations 
where men suddenly have entered atmosnheres containing little or no oxygen 
there are no warning symptoms, and loss of consciousness is immodiate. Such 
mon, if roscucd and revived, have no rocolleoction of the incident, thoir 

last rocordod thought being of thoir actions while in a normal estate. 


The immdiato offects of cxposuro to atmospheres doficiont in oxygon 
may diffcr somewhat with tho individual and will dopond on the dogree of 
physical activity and also on tho rato at which tho oxygon contcnt of tho 
atmosphoro is diminishod. Tho following data, basod on the obsorvations 
of scovorel invostigators, aro roprosontativo of tho offocte of broathing 
atmosphorcs of loss than normal oxygen contont: 


Oxygon concontrati on, 
percont by volumo 


( at _atmosphoric prossuro ) Obsorvod offocts upon man 
1 ae Rate and depth of respiration ‘increased 
es _ slightly (29). — 
16 to 12 Volume of breathing increased, and pulse 
| | rate accelerated (6). 
15 7 | Dizziness, rapid heartbeat, headache (29). 
15 . .- With moderate exercise, slight shortness 


-of breath and slightly mre then normal 
respiration. Some persons may become 
dizzy and suffer from headache (30). 


i — . Under gradual reduction of oxygen content, 
: a : a becomes perceptibly deeper 
| : Sl). . 
10 Symptoms of dizziness, rapid heartbeat, 
and headache become more severe. (29). 
10 | Respiration becomos. deeper and lips 
bluish (31). 


LO ee Rospirations are. distincly doeper and more 
ee frequent, even at rest, Lips have appear- 
ence of cyanosis. Most persons become 
dizzy and suffer from headache after 
prolonged exposure and my bocome uncon 
scious with modorate exercise (30). 


10 to6: = : Neusoa and vomiting; inability to move and 
x | loss of consciousness (6). © 
9 =" Unconsciousness (29). 
8 | Face assumes a loadon color, although 
distross is not groat (31). 
8 Faco bocomos loadon color; sovority of all 


symptoms incroasos; modorato oxorciso 
may causo suddon collapso and unconscious- 


noss (30). 
7 Life ondangorod (29). 
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Oxygen concontration, 
percont by volume 


(at _atmosphoric pressuro) | Observed effocts wpon_man 
7 Uncansciousness (32 e 
Loss than 6 Rospiration convulsive, followod by death 


(6). 
6 to 5 Markod panting; clouding of senses; loss of 
powor of limbs; probably would cnd 
sooncor or lator in death. Sudden efforts 
may lead to loss cf consciousnoss (31). 


Se, Undor somo conditions mon hevo remaincd 
conscious (29). 
2 tol Loss of consciousness without warning in 


40 to 50 eoconds (31). 


Under oxperimental conditions 1% has boon shown (33) that animals 
subjected to atmosphores doficicnt in oxygon to tho oxtont that asphyxia 
was produced sufforod dcgenorativo changes in norvo tissuo that wero quito 
similar to those producod by carbon monoxide asphyxia. If tho analogy may 
be applicd to humens, it may bo concluded that sovere or prolonged 
asphyxia rosulting from cxposure to atmosphores dcficiont in oxygen may 
result in sorious mental or norvous scquclac renging in sovority from tcm- 
orary to pormancnt cffccts or dcath (34). 


Atmosphcorcs doficicnt in oxygon ofton aro associated with abnormal 
concentrations of carbon dioxide, which usually is presont as a product 
of tho oxidation reactions that causod loworing of tho cxygon ccntent of 
tho atmosphore, Becauso of this frequont association of high cerbon di-. 
oxide with low oxygon, the effects of oxposuro to carbon dioxide aro 
discussed bricfly, although not strictly within tho subjoct limitations of 
this papor. 


Forbos and Grovo (29) state that 0.5 porcont of carbon dicxido in 
normal air causos a slight increase in ling vontilation; if the air 
contains 2 porcent carbon dioxide, lung vontilation will bo incroasod about 
50 porcont; and if 3 porcont carbon dioxido is broathed, 100 percont. 


Consolazio and others (35) found that 5 porcont carbon dioxide, with 
_ tho oxygon contont of tho atmosphoro roduced to 12 percont, is the linit 
of tolorance for hcalthy young mon. Exposuro to such atrosphoro did not 
soriously impair tho physical condition or officioncy of tlic subjocts. 
Minor symptoms of hoadacho, nasal congestion, and drynoss of tho throat 
disappoarod rapidly upon roturn to normal air. Adcquato tonsion of oxygon 
in the lungs, blood, and tissuos wes maintained bocauso of tho rosulting 
incroasod rates of rospiraticn and circulation, 


Brown (14) studiod tho offoct upon man of carbon dioxide in con 
contrations of 6 porcunt and highor, with tho following findings: 
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Time of oxpesuro, j|Carbon dioxidc,| 


mmtes porcent | 
Avorageol Moximne/ | - by volum | Effocts 
21 22 7 6.0 Considorablo disccrfort toward ond 
| | of oxposure, but not intolorablo. 
| Exposure could havo boon oxtondod. 
4.5 6 « “Wed : More severe than above, but not 
intolerable. Exposure could have 
| been extended. 
8 10 8.8 | approaching intolerable limit. 
1.6 2,25 10.4 ' Close to intolerable limit; 
sense of impending collapse. 
aa 2 12,4 Close to intolerable limit; sense of 


impending collapse. (One subject 
lost consciousness. ) 


1/ Averago for 3 to 7 subjects. 
e/ Maximum for any one subject. 


EFFECTS OF REDUCED ATMOSPHERIC 
PRESSURE AT HIGH ALTITUDES 


The atmosphere surrounding the carth exorts a pressure of approxi- 
mately 14.7 pounds per square inch upon the earth's surface at sea level. 
This pressure will support e colum of mercury 760 millimeters (29.92 
inches) in height. Because of the compressible nature of gases, the 
density of the atmosPhcre is greatest at the earth's surface, and the 
relationship of pressure to altitude (distance above the carth's surface) 
is not lincar. Thus, at an altitude of 50,000 feet the barometric 
pressure is not one-half but only about one-third of that at 25,000 fect. 
The following data illustrate the relationship of altitude to atmospheric 
prossure and partial pressure of oxygen in tho atmosphere at cortain 
significant levols: 


Atmosphoric prossuro Partial pressure 
or partial prossure of of oxygon in tho 
oxygen in the atmosphero, | atmosphcro, mili- 
Altitude, foet} percont of soa-levol value | moters of mrcury 


¢) 7 100 | 159 
5,000 83 . 132 
10, 000 70 111 
18 , 000 50 19D 
33,900 2) 59.7 
40, 0COL/ 18.4 29.2 
1L/ Approximato limit of flying without prossurizod oquipment. 
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Although the oxygen content of the atmosphere, on a percent-by- 
volumes basis, is constant at the altitudes cited in the foregoing tabule- 
tion, it may be noted that partial pressure. of oxygen decreases rapidly 
with increasing altitude. It is this reduction of partial pressure of 
oxygen and its resultant production of oxygen want in the body that is 
directly responsible for the physiological offects experienced upon exposure 
to reduced atmospheric pressures, Secondary or asscciated effects, of 
equal importance in ths final outcome of such exposure, aro changes in 
the charecter of respiration, changes in content of carbon dioxide (the 
primry rogulator of rospiration). of the blood and alveolar air of tho 
lungs, ond altorations in blood chomistry (4) (5) (6) (7) (36). 


Although individuals may differ considerably in their roespcnso to a 
givon diminution of prossure or in regard to the altitude at which thoy 
become offoctod, as pointod out by various invostigators (4) (6) (7), the 
mechanism by which symptoms aro causod at high altitudcs may bo gonoralized 
as follows: 


Tho oxygcn want croatcd in tho body by low partial prossure of oxygen 
stimlatos tho rospiratory contor through tho carotid sinus, and tho rate 
of respiration is increased. This rapid breathing reduces or "washes out": 
the carbon dioxide content of the blood and alveolar spaces of the lungs 
to a subnormal degree, and, when oxygen want has been relieved momenterily 
by excessive lung ventilation, the normal stimilus from carbon dioxide 
does not exist and the rate of respiration tends to decrease. Thus, re- 
spiration of a fluctuating nature, induced only by oxygen went, is ex~ 
perienced, and the hemoglobin of the blood is not mintained at its normal | 
and required degree of saturation with oxygen. The severity of symptoms — 
depends on the cxtont to which the oxygon content of tho ree eee is 
reduced, | 


Tho symptoms of oxposure to the i aeeoarhente pressures of high 
altitudo arc irritability, breathlessness, mescular woaknoss, confusion, 
lack of coordination, rapid hoart beat, nausea, and, if carried to the 
extrome, unconsciousness and death, 


Gonorally, whon treathing normal air at an altitude of 10,000 foot, 
tho oxygen contont of tho hemoglobin is not mintainod at tho normal dogreco ~ 
of saturation and symptoms arc oxporioncod. Variations may cxist es-to .. 
the cxact altitude at which tho onsot of thoso symptoms occurs with diffcront 
individuals and aro said (6) to bo causod by variation in sonsitivity to 
tho stimulus of oxygen want. At whatovor altitudo symptoms dovelop, how- 
over, the immodiately provious rato of Yospiration has boon such that-tho 
game partial prossure of oxygon oxists in tho lungs of all individuals at 
the onsot of symptoms. That is, although thoro may be individual varie 
tions in rate and volumo of rospiration at diffcront altitudos, whon partial 
pressure of oxygon in tho lungs and, conscquontly, oxygen content of tho 
homoglobin fall bolow a cortain critical vealuo, tho samo symptoms will 
occur in all individuals (6). 
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The 111 offocts of broething normal air at high altitudes may be 
alloviateod by broathing pure oxygon or oxygon-onrichod air, as undor these 
circumstances rate of res, iration is not increased by oxygen want, carbon 
dioxide is not washed out of the blood and alveolar spaces of the lungs, 
respiration remains normal, and higher altitudes may be attained without » 
distress or 111 effects. Another "ceiling" is reached, however, at between 
40,000 and 45,000 feet above sea level, because at such altitudes even the 
breathing of pure oxygen at thea existing atmospheric prossure docs not suffice 
to maintain the oxygon content of the homoglobin of tho blood at its normal - 
valuo. Spocht (4) states that at 41,500 feet altitude, whore atmospheric 
pressure is 132 millimeters, tho carbon dioxide contont or tension of the 
atmosphere in the lungs is 40 m.,, 5/ the tension of wator vapor in tho lungs 
is 47 m,, and tho partial pressure of oxygon can bo no moro than 132-(40 + 
47), or 45 mm, which will not maintain tho oxygon saturation of. tho hom- 
@lobin at moro than 80 porcont of its normal value - a condition that will 
bo none by ao onsot of symptoms. 


The effects of ascending to high altitudes are influenced, stuee - 
such factors as rate of ascent and duration of exposure to low atmospheric 
pressure. These effects may be considered in three categories: — 


1. The aviator who is piloting a fighter or pursuit plane capable 
of rates-of-climb of 5,000 feet, or mre, per minute is subject not only 
to the offects of altitude then. ‘the ascont is accomplishod but also to 
tho offects of rapid doecroaso of prossure similar to the decompression of 
tho divor or. caisson workor who is roturned to normal atmosphoric progsuro 
eftor boing subjoctod to incroasod air pressuro. The rapid roleaso of 
dissolved nitrogon from tho blood and body tissuos under tho condition of 
suddon docroaso of pressure may bring on tho samo offocts as tho “bonds” 
cxporicnacd by tho ‘comprossod~air workor (4), 


2. . Tho aviator flying at high altitude, or the porson who ongagos . 
occasionally in mountain climbing, may bo considored as individuals who 
have boon transported from thoir normal habitat to a foroign onvironmont } 
to which thoy cannot bocomoe epee immodiatoly. In consoquonco, ill offocts 
aro sufforad. ; 


36 Por sons who livo pormanently at high altitudos undorgo physi cal 
altorations or acclimatization that pormits thom to oxist normally at 
altitudes that would causo distross or incapacitation to persons brought 
suddonly to tho samo condition of low atmosphoric prossuro (4) (5) (6) 

(7) (36). Acclimatization to lifo at high altitudo is accompeniod by por 
manont incroaso in tho rato and volumo of rospiration, and an incroaso in 
tho rod blood colls and thoir homoglobin content to facilitato transport | 
of oxygon by tho blood to tho tissuos. Adjustments in blood chomistry 
occur also, which result in a loworod normal tension of carbon dioxido in 
the blood and alvoolar spacos of tho lungs, so that tho rospiratory contor 
maintains control of rospiration in tho acclimatized individual, whoroas 


5/ In tcomporary asconts to high altitudo, tho carbon dioxido tonsion in tho 


lungs and blood, if :not washod out by BEETS Pospinationy, romins os- 
sentially constant at this value. 
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these not thus conditioned to high alti tude suffer daa loss or improper 
functioning of this control, 


It is not wan the scope of this paper to discuss in detail the 
physiological processes involved in oxposure to the low atmosphoric 
pressures associated with high altitudes; the references cited contain 
extensive discussions of tho subject. Remcial moasures that havo boon 
adoptod for the effocts of high-altitudo flying are describod in a sub- 
sequent section of this publication, 


APPLICATIONS OF THE INHALATION OF OXYGEN 


elt Contained Oxygen Breathing Apreratus 


Sclf-contained oxygcn breathing apparatus has becn used successfully 
for many years to provide protection when irrespirablie atmospheres mst 
be entered in mines and clsewhcre. The historical aspects of the develop- 
ment and use of this tyve of cquimment arc presented in publications of 
the Burceu of Mincs and others (7) (37) (38) (39). 


Tho chicf advantago of sclf-containcd apparatus is that tho wearor 
carrios his own supply of oxygen for breathing, and thus my cntcr at- 
mospheres that contain high concontrations of toxic gascs and little or 
no oxygon. In this rcspoct, the solf-contained apparatus 1s suporior to 
tho gas mask, which is designed to filtor toxic gasos, in limited corm 
contration, from atmosphoros othcrwisc respirablo with respect to oxygon 
content, but doos not afford protection against atmosphores doficiont in 
oxygon. The oxygen content of tho atmosphere within tho solf-containod 
apparatus, 60 percent or more, if broathed at normal atmsphoric procsuro, 
will not harm tho woarer, ovon though the apparatus is usod during sovoral 
succossivo 2=-hour poriods. (Sco scction on EFFECTS OF INCREASED OXYGEN 
CONCENTRATION AT ATMOSPHERIC PRESSURE.) Thoro ero howovor, cortoin con- 
ditions undor which oxygon breathing apparatus my not be worn with sofcty: 


1. The apparatus may not be worn in atmspheres that contain 
contaminants that are corrosive to the skin or that may be 
absorbed through the skin in harmful amount. For example, 
high concentrations of ammonia will cause injury to the 
skin, and hydrogen cyanide will be absorbed through it with 
serious effects. 


2, Certain vapors, such as gasoline, may permeate rubber parts of 
the apparatus if it is worn for excessively prolonged periods 
Or is used in such vapors on successive occasions. 


3. Self-contained apparatus that supplies the wearer with pure, or 
nearly pure, oxygen may not be used at pressures much above 
_ that of the normal atmosphere (14.7 pounds per square inch 
absolute) without dangor of oxygen poisoning fromthe — 
resulting high partial pressure of oxygen (11), as the 
apparatus supplies the woarer with oxygen at essentially 
the same pressure as that of the atmosphere surrounding hin. 
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Self-contained oxygen breathing apparatus differs in design and 
operating principle, as described briefly in the following sections: 


Closed=Circuit Regenerating Type Using Compressed Oxygen 


This type of breathing apparatus was the first to be developed and 
still is considered the mest satisfactory, particularly in mine rescue or 
recovery operations in which conditions may necessitate that the apparatus 
be worn continuously for 1 to 2 hours. The high-pressure supply of oxygen 
is contained in & steel cylinder, from which it is fed through suitable 
reducing and admiasion valves, and as required by the wearer, into a flex- 
ible reservoir or “breathing bag", from which the wearer inhales through 
a mouthpiece, Upon exhalation, the expired breath is directed through a. - 
granular alkaline material that removes the carbon dioxide discharged from 
the woarer's lungs, and the unconsumed oxygen is returned to the breathing 
bag, which is ropleniahed with oxygen from the supply cylindor as requirod. 


The purity of oxygen used in the closed-circuit breathing apparatus 
is important, as inort gascous impurities tend to accumlate within the 
apparatus. The Bureau of Mines specifies that oxygen for this purpose 
shall contain at least 98 percent oxygon, no hydrogen, and not more than 
2 percont nitrogen.6/ Oxygen produccd by distillation of liquid air 
usually conforms to those specifications. Oxygon produced by clectroly- 
sis of water may contain an approciablo amount of hydrogon and is not 
recommonded for uso in closod-circuit breathing apparatus bocauso of tho 
possibility that oxplosivo mixtures of hydrogen and oxygon eee accumlate 
within tho apparatus. 


In ordinary use of the closed-circuit breathing apparatus, the air 
originally contained in the interior of the apparatus mst be expelled by 
inhaling from the apparatus and exhaling to the outside, so that the 
nitrogen content of the original air is replaced by essentially pure oxygen. 
This procedure is necessary because the nitrogen impurity in the oxygen 
will accumlate in the apparatus, and if the original content of atmospheric 
nitrogen is not flushed from thé apparatus at the start of wearing, 
dangerous reduction of the oxygen content of the closed system will result 
eventually. Accumulations of nitrogen7/ mst be discharged from the 
apparatus by oxhaling to the outside through a | salive-trap valve at 
intervals during the Penson of wearing. 


6/ Analysis by the Buroa of Mincs. of the contents of several cylinders 


of oxygen produced from liquid air indicated that the "nitrogen" 
impurity consists of approximately equal proportions of nitrogen 
end argon. As argon is physiologically inert, it's behavior is 

similar to that of nitrogen in the breathing apperatis. 

7/ In addition to nitrogen that will accumlate in the apparatus from 
tho oxygon supply, some nitrogon from the wearer's body is added, 
bocauso dissolved nitrogon in the blood and tissues will be 
liborated through the lungs when an abnormally high partial 
prossuro of oxygen is ostablished in tho lungs. Sce sections on 
SIGNIFICANCE OF PARTIAL PRESSURE and EFFECTS OF AIR. AT INCREASED 
PRESSURE. 
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Self-contained oxygen breathing apparatus of the closed-circuit, | 
regenerating type is described in detail in other Bureau of Mines publica. | 


tions (37) (38). — 
Demand-Type Breathing Apparatus Using Co ompressed Oxygen 


A "demand-type" breathing apparatus has been developed in which thie a 
high-pressure oxygen supply is contained in a steel cylinder, from which .. 
it is fed, through a suitable reducing valve, to the demand valve ani .. 
thence to a full facepiece similar to that of a gas mask. . The demand valvo - | 
is actuated by the slight nogative prossure inducod in the facepieco by 
the wearer's inhalation, and supplics him with oxygen in proportion to 
the depth of his respiration. Exhalod oxygen is expollod from the face- | 
piece to the outsido through an exhalation valvo. Some oxygon is wastod by 
this procedure, and although the apparatus is considorably lighter in 
Woight than the closed-circuit type, its higher rate of oxygon consumption 
docs not pormit its uso for as long as the latter. 


The domand-typo apparatus is doscribed in ee in othor 
Buroau of Minos publication (38) (40). 


Chomical or Oxyron-Gonerating Broathing Apparatus 


A closod-circuit broathing apparatus has boon seeieges in which tho 
oxygon supply is dorivod through tho action of tho moisturo in tho oxhaled 
breath upon potassium tetroxide, according to the reaction 


The carbon dioxide content of the exhaled breath is absorbed from the system 
by the potassium hydroxide formed in the above reaction. The rate of — 
evolution of oxygen is governed by the rate of respiration of the wearer. 


The apparatus comprises a replaceable canister that containa the 
chomical, a breathing bag to provide volume capacity in the apparatus, a 
full facepiece similar to that of a gas mask, suitable connecting tubes, 
and unidirectional valves to direct tha flow of inhalod and exhaled ai¥ 
through the proper course in the apparatus. Although tho apparatus is of 
. a closoéd-circuit, type, flushing of tho initial air from it is not nocoss&ry, _ 
becauso ordinarily moro oxygon is genorated than is consumed, and’ oxcoss =. 
oxygen usually excapes eround the edges of. the facepiece. - 


The oxygen-generating breathing cpparatae 1 4s described. in sal detail 
in other Bureau of Mines publications (38) (yo 


Liquid Oxyzen Breathing Apparatus | | co. 
Apparatus utilizing the gasification of liquid oxygen to supply the. 

wearer with a breathing medium has been developed and used to a limited . 

extent in England but has not been adopted in the United. States. -— ; 
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The difficulties of obtaining, storing, handling, and controlling the 
gasification of liquid oxygen are obvious disadvantages associated with this 
type of apparatus. 


The liquid oxygen type of  ieatnane apparatus is discussed briefly in 
other publications (37) (38) (39). 


Self-contained oxygen breathing apparatus of the closed-circuit re- 
genoretin3; and demand types which utilize compressed oxygen, and the chemi- 
cal or oxygen-generating typo have beon tosted and approved by the Bureau 
of Minos under the provisions of appropriete Schedules of approval require- 
ments (41). Tho approved devices are listed and dcscribed in publicctions 
of the Bwroru of Minos (37) (38) (ho) (42). 


Bureau of Mines publications describe the maintenance and testing of 
sclf-containod oxygen broathing apparatus and contain instructions for its 
uso and treining in its use (37) (40) (43). - Thoso publications stross tho 
importance of physicol fitnoss of woarors of tho opparatus, thorough train- 
ing in procedure, and proper maintenance of the equipment. It is pointed 
out that accidents or loss of life during wearing of breathing apparatus 
have been due almost invariably to poorly assembled or otherwise defective 
apparatus, poor physical condition of the wearer, or insvfficient training 
or some incorrect procedure (40) (4b). 


Use of Oxygen in Resuscitation 
end Treatment of Asphyxia 


Asphyxia is defined by Henderson (7) as “process that occurs whenever 
it becomes difficult for the tissues to obtain the normal supply of oxygen." 
This concise statement describes a condition that my result from many 
causes, such as inhalation of toxif gases or atmospheres deficient in 
oxygon, electric shock, drowning, obstruction of the rospiratory passages 
by forcign objocts, and from other accidental happenings, the use of drugs 
and anssthetics, and from various digeases. A report of tho American 
Modical Association (45) states that whatever the cause of asphyxia, "the 
basic problem in each caso is roduced to the introduction of oxygen into 
the respiratory tract, the support of tho contor governing rospiration, and 
stimulation of tho circulation," 


Asphyxia is a condition that may be oncounterod clinically by the 
physician or accidentally and in emergency by the laymen, and therefore the 
immediate procedure that may, or should, be followed in its treatment will 
depend on the attendant circumstances. Moreover, the degree of asphyxia 
1g to be considered, If normal breathing has not ceased, the layman should 
attempt only simple measures to better the condition of the affécted person 
until medical aid is obtained, whereas if breathing has stopped, or is 
woak and intormittent, or is present only in occasional gasps, artificial 
respiration should be applied at once (38) (46). 
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An asphyxiated person suffers from deprivation of his oxygen supply; 
therefore, inhalation of pure. oxygen. will, tn. many instances, improve 
his condition. This is particularly true in cases of exposure to carbon 
monoxide, which produces its i111 effects by combining with the hemoglobin . 
of the blood with an affinity mich groatcr than that of oxygon, thereby 
depriving the hemglobin of its ability to transport oxygen to tie body 
tissues. In carbon monoxide asphyxia tho breathing of oxygen, rathor than — 
air, will hasten tho dissociation of the carbon monoxido-homoglobin complex 
through tho offects of partial prossuro and mass action, and will reduco 
the sovority of the symptoms: and docroaso tho possibility of Se ef tor 
effects (47) (48). | | 


Henderson and Haggard (49) suggostod tho administration of carpon- 
dioxido-oxygen mixturos in tho trcatmont of carbon monoxide asphyxia 
instoad of oxygon alono. Such mxturos, which contain 5 to 7 perccont 
carbon dioxide and 95 to 93 porcont oxyzen, have beon used widoly in the 
troatmont of asphyxia from various causcs (7) (50), Exporimonts conductod 
by tho Burom of Minos (51) domonstrated that carbon monoxido is oliminatod 
from tho blood five to six timos moro rapidly whon broathing carbon dioxido~ 
oxygon mixturos than whon breathing normal air, and that tho cli mination is 
accomplishod about four tims moro rapidly whon i ae pure oxygen than 
when broathing normal air. 


“Thoro has boon considcrablo controversy ovor tho Andi soriminate uso 
of carbon dioxido-oxygen mixturcs in troatmucnt of asphyxia, and it has 
boon pointod out (50) that in casos whore the affected person is not 
suffering from want of carbon dioxide in his tissues, with its accompany- 
ing stimlus of the respiratory center, the administration of additional 
carbon dioxide may be more hermful than beneficial. Some of the benefits 
claimed for the administration of carbon dioxide-oxygen mixtures in 
asphyxia are ag Follows: 


1. In cases of exposure to toxic or Seydensdaractent atmospheres 

- >. or in cases causing shock or pain, the rate of breathing 
prior to collapse may. haye becn so rapid as to wash out 
carbon dioxide from the system, thereby leaving the blood 
and tissue in need of carbon dioxide to stimlato the 

: rospiratory center and promote normal breathing. 

2, In cases of carbon monoxide asphyxia, tho lowered oxygen- . 
carrying capacity of the blood reduces the extent of oxi- 
dation roactions in tho tissues and thoreby lowors thoir 
carbon dioxide content to less than normal, resulting in 
- the need of additional carbon dioxide to. produce respira- 
tory stimlus. 

3. In cases where carbon dioxide has been washed out. of the 

~plood and tissues by violent respiration prior to collapse, 

. the administration of purc oxygen will satisfy the oxygen 
want of the body momentarily, but, in the absence of carbon 
dioxide in the body, to provide the normal respiratory 
stimlus, apnea or cessation of breathing may result, with 
serious effects unless respiration is maintained by art- 
ificial means. 
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In contrast, the following unfavorable opinions have been expressed 
(52) regarding the use of carbon dioxide-oxygen mixtures: : 


1. Although carbon dioxide-oxygen mixtures increase the dopth of 
respiration when administered for a short time in low con 
centrations, this same effect is not oxhibited whon the 
centors of respiration are damaged, when tho concontration 
of carbon dioxide is high, or when it is used over a pro- 
longed poriod, 


2. In asphyxiated porsons, the blood oxygen concontration is 
almost nil, but tho blood carbon dioxido lovol is above 
normal. In those persons carbon dioxido no longor acts 
as @ respiratory stimlant but is actually a rospiratory 
dopressant, and thore is no rational basis for its admini- 
stration. The samo may be said of casos of sovero carbon 
monoxide poisoning, for modullary damage is prosent in all 
states of sovere anoxia. 


Eastman, Dum, and Kroisolman (53) draw tho following conclusions on 
the basis of animal oxporimontation as rolated to asphyxia in nowborn 
inf ants: 


1. Whon animals aro arvhyxiatod to the state of apnoa (cossation of 
breathing), resuscitation ig accomplishod just as quickly by 
tho administration of puro oxygon as by uso of carbon dioxidc- 
oxygen mixtures; in profound asphyxia, pure oxygon is moro 
officacious than carbon dioxido-oxygon. 


2. Following rosuscitation with oxygen, tho rostorod respiration 
romins normal in rate, amplitude, and gonoral charactor, 
but following rosuscitetion with carbon dioxido-oxygén the 
rospiration tends to be convulsivo and irrogular, and fro- 
quently becomes so shallow that further artificial rospiration 
is noeded, | 


The foregoing findings are based wpon experiments with mixtures 
containing 10 and 25 percent carbon dioxide, or somewhat mre than the 95 
to 7 percent carbon dioxide-oxygen mixtures ordinarily used in resuscita- 
tion. 


Flagg (50), in his book on resuscitation, although expressing himself 
as having found carbon dioxide-oxygen mixtures beneficial, sums up the 
situation in a logical manner by stating, in substance, that the use or 
non-use of carbon dioxide-oxygen mixtures in asphyxia should be determined 
by symptomatology rather than by adoption of a dogmatic point of view. 
Flagg states, in part, that "The objective in resuscitation is to saturate 
the alveolar air (of the lungs) with oxygen as quickly as possible. If 
sponteneous breathing can be deepened by carbon dioxide at the onsct of 
resuscitation, this advantage may well balance the question of possible 
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danger. The uso or abuse of carbon dioxide is but one factor in tho art 
of resuscitation. Any interferenco vith the technical administration of 
oxygen Would sesom to be of greater importance than its di lution by- another 
gas of whose action there ig so much. question.” | 


Certain mechanical devices havo boon dey chapeae for tho en ‘of 
applying artificial rospiration (38) (50). Some of thosc obtain lung 
ventilation by supplying tho affoctod porson with air or oxygon altcrnately 
under positive and negative pressure. The use of such devices. by.the layman 
ia not recommended (6) (38), because it has been found that they do not 
conform to natural breathing, my sn jure lung tissue by excessive a and 
suction, ond are dangerous. 


In the treatment of poisoning by toxic gases or asphyxia produced . 
by oxygen-deficient atmospheres, the Bureau of Mines recommends (38) that 
whon the condition of the victim indicates need for artificial respiration, 
4t should be applied preferably by the prone-pressure mothod, It is 
emphasized, also, that in cases of carbon monoxide poisoning inhalation 
of puro oxygen or oxygen containing 5 to 7 percent of carbon dioxide will 
be beneficial, and should be administered by use of on inhaler that supplies 
those gascs to the victim at atmospheric prossure.8/ 


Use _of Oxygen to Prevent or Mitigate 
 Sompresset ie Illness: | 


Inhalation of oxygen to prevent or id ti ate compre ssed- air iliness was 
suggested many years ago (1) and mre recently has been studied experi- 
mentally (15) (28) (54) (55). (56) (57) and applied in practice (27) (58). 
The basic principles of this use of oxygen are, briefly, as follows: = 
Under ordinary conditions the body fluids and tissues contain dissolved - : 
nitrogen, being at equilibrium with the nitrogen content of normal air at. 
atmospheric pressure. Changing the tension of nitrogen-in tho lungs by. 
changing either the pressure or the nitrogon content of the respired | 
atmosphero will alter tho dissolved nitrogon content of the body ae 
the effect of partial prossure. 


The diver or compressed-air workor in an seioensnt ik prossures 
groator than 1 atmosphere attainsin his body a dissolved nitrogon content 
in oxcess of that which oxists at normal prossure, the quantity of nitrcgon 
dissolved depending on prossure and duration of oxposure. Upcn roturning 
to normal prossure or being "docompressod,"” a considorablo part cf this 
oxcoss dissolvod nitrogon is carriod to tho lungs by tho blood stream and 
ig cxhalod, Comprossod-air illnoss may rosult if bubblos cf ‘nitrogen, 
formod as a rosult of too rapid docomprossion, lodge in the on and are 
not dissipated through the Jungs, ; 


Buroau of Minos saroty equipmont includes inhalors chargod with oxygen 
only, not carbon dioxide-oxygon mxturos. One ronson for this o 
etandardization on oxygen is that it is. moro readily availablo bo- 
cause of its wide uso in industry. 
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By broathing oxygen rather thon air during decompression, the 
trensition of dissolvod nitrogon from the blood to tho lungs ise facilitated 
because of tho lowor partial pressure of nitrogen in tho lungs. ‘That is, 
when tho lungs contain oxygon instoad of normal air, the nitrogen dis- 
solvod in the blood oncounters no “beck pressure" of gascous nitrogon in 
lungs end thus is froed from solution in tho blood mro readily and to a 
greatcr oxtont then if the lungs contained air. Morcovor, if nitrogon 
bubblos form in tho body, on artcricl blood stroam cf low nitrogon contont 
will tond to teko these bubblos into solution mich moro roadily thon if tho 
nitrogon content of ‘tho blood wore that ostablishod by broathing air during 
docompression. 


Tho limiting factors in tho use of oxygon for inhalation during do- 
compression arc tho prossuro at which oxygon may bo applicd, and the 
duration of such application, without =peueEens the darngor of oneon 
poisoning, 


In diving oporetions it has boon chown (57) that oxygon my bo suppliod 
to the diver with safety at a depth of 60 feet (equivalent to 2.8 atmspheres 
pressure, absolute) and that breathing oxygen thereafter during stage 
decompression for 1-1/2 hours is without ill effect. By this procedure 
the safe time of decompression after dives to a depth of 165 feet, with a 
stay of 30 minutes at that depth, was reduced markedly, as. compared to 
the time required if air were breathed throughout the total decompression 
operation. 


' In a subaquoous tunnoling operation (58) workers were administered 
oxygen during the last 20 minutos of decomprossion at 15 to 17 pounds por 
square inch gago pressure aftor initial docommression from working pressures 
of 34 to 37-1/2 pounds por squaro inch. This procedure was followed 
throughout a %-month poriod without ill effects from the inhalation of 
oxygen and with reduction in tho incidence and severity of the symptoms of 
compressed~-air {linoss. 


Use of in en in Aviation 


Inhalation of oxygen in high concentration plays an important part in 
aviation (59) (60), by enabling continucd flight at high altitude, con- 
ditioning tho aviator for tho offects of rapid ascont to tho high altitude, 
and aiding his vision for night flying. Theso subjects aro discussed 
triofly in this publication, Much work rolating to tho physiological 
aspocts of aviation was carried out during World War II; mumrovs roferences 
to such work are citod by Spocht (4). Aviation mdicino is discussed by 
frmstrong (61), and a bibliography on tho sibjoct has boon Broparod by 
Hoff and Fulton (62). - 


Tho offocts of docroasod sare ied prossure of atmosphoric oxygon ox~ 
porioncod in flying may not be dofinced-too procisoly in torms of altitudo 


alono, 9s somo varidtion oxists botwoon individuals, and tho offoct of 
longth of stay at a givon altitude is important. In gonoral, whon breathing 
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normal air at the existing ambient presure, the first appreciable 
symptoms may be experienced at 10,000 feet, because partial pressure of 
oxygen in the atmosphere at that height is not enough to maintain the 
normal degree of oxygen saturation of the hemoglobin of the blood, For 
unacclimatized persons the limit for air-breathing in aviation is 15,000 
to 16,000 feet (4). ‘The breathing of pure oxygen at the ambient prassure 
of the altitude of flight establishes a partial pressure of oxygen in the 
lungs that permits ascent to about 40,000 fect, whore again a coiling is 
reached becauso evcn the broathing of pure oxygon at the oxisting atmos- 
pheric pressure docs not suffice to maintain normal saturation of the 
hemoglobin with oxygon.9/ Higher altitudes my bo attained, with roason- 
able expectancy of survival, only by the uso of aircraft with prossurizod 
compertmonts for porsomnol or by wearing of prossurizod flying suits. In 
eer it is recommndoed that inhalation of oxygen bo started at 10,000 
foct ° 


In night flying, the inhalation of oxygen is necessary for even low- 
level operations as it has been demonstrated that the ability of the 
eyes to adapt to night vision and the discernment of objects in night 
flying are reduced about one-half at altitudes of 10,000 to 12,000 fest 
if normal air is breathed (4). 


The ascent of the aviator to high altitude, with the acccmpanying 
decrease of ambient pressure, is similar in effect to decompression of 
the diver or caisson worker after exposure to compressed air, (63). The 
decrease in pressure of the surrounding atmosphere causes liberation or 
nitrogen dissolved in the blood and body tissues at tho preceding stata 
of prossure, which, in the case of the aviator, is that of the atmosphore 
at ground level. If tho rate of liberation of nitrogen is high cnough, 
bubblos of this gas may bo formed in tho blood and tissucs, with the ro- 
sultant symptoms of "bends" or comprossed-air illness, 


Tho rato of ascent to high altitude and the altitude attaince arc 
tho conditions critical to tho devclopmont of symptoms of tho bends in 
aviation. At ratos of climb as groat as 5,000 foot per minuto, symptoms 
aro developed, in gonoral, only if flight is contimuod to hoights of 18,000 
to 20,000 foot (4) (17). | 


Tho cffocts of nitrogon Mbcration in tho body resulting from rapid 
ratos of ascont or flying at oxtrome altitude may be rduced or oliminated 
by inhalation of oxygon (4) (17) at ground levol prior to flight. This 
proceduro, by establishing a low or zero partial pressure of nitrogen in 
the lungs, results in elimination of dissolved nitrogen from the body, 
pecause this gas is dissipated from the blood stream in the absence 

of "back pressure" of gaseous nitrogen in the lungs. If the rate of climb 
of the aircraft is low, inhalation of oxygen from ground level during 
flight may be sufficient to eliminate body nitrogen to an extent that will 
prevent symptoms of the bends before critical altitudes are attained. 


9/ See section on Effects of Reduced Atmospheric Pressure at High 


Altitudes, 
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It may be noted that oxygen poisoning is not generally a serious 
possibility in aviation, as pure oxygen is inhaled at pressures less than 
1 atmosphere. Behnke (17) states that men may ascend at the rate of a 
mile a minute to 37,000 feet and exist normally at that altitude for 6 
hours, provided dissolved body nitrogen is removed by oxygon inhalation 
at ground level or up to 20,000 feot. 


Oxygen Therapy In General Medicine 


The isolation of oxygen by Priestly in 1775 and the determination by 
Lavoisier, during 1775 to-1794, of the fundamental principles of breathing 
(64) opened the way for the discovory of the important role played by 
oxygen want in many diseases end physiological conditions and led finally 
to the increasing thorapoutic uso of oxygen in genoral mdicino, Progross 
in oxygon thorapy has at times boen retarded by lack of confidonco in its 
officacy as a result of unsatisfactory roaction from delay in administoring 
the troatmont or inofficioncy in applying tho oxygen, 


Paul Bort, in 1878 (65), was the first to point out that in the higher 
organisms tho immdiato causo of doath of the body as a wholo is virtually 
always want of oxygen, owing to failure of the circulation or breathing. 
This is duo to the fact that tho body has very littlo storage capacity and 
mist depend from moment to moment on its supply from tho eir. The lungs 
offer almost tho only appreciable storage space for oxygon. A man at rest, 
who has boon broathing normally, can have his breathing intorrupted for 
only about 1-1/4 minutes bofore urgont symptoms of oxygen want appear. 
Whon tho supply of oxygen to tho blood is shutoff, tho mst "threatening 
symptoms" appear immodiatoly (66). 


Pricstly, who fatlod to understand the significance of his discovery, 
is said (67) to havo becn the first to suggest that oxygon could be usod to 
advantage thorapoutically, although such use might be attended by somo 
dangor. 


Boddocse (68) invostigatod tho thorapoutic value of oxygon, his rosearch 
extending from 1793 to 1801. In 1800 he (64) established a pneumtic 
institute at Bristol, where he gave inhalation treatments for heart disease 
and asthma, However, his technique of administering oxygen was inadequate 
end did not result in the success that he had expected. Interest was not 
taken in oxygen again until 1917, when Barcroft (69) began treating gassed 
soldiers with 40 to 50 percent oxygen. 


Thirty-five years £80 no one had the temerity to suggest that a 
pneumonia patient be given oxygen to breathe (70). However, with Barcroft's 
(69) favorable report on the treatment of 23 cases of gassed soldiers, 
which appeared in 1920, and the devolopment of better physiological methods 
of examination of such patients, impetus was given to other investigators, 
and reports on the effect of the administration of 40 to 60 percent 
oxygon in pnowmonia soon followed (69). 
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Physiological Conditions In Which oxygen Thorapy Is Indi cated 


It is not practicable in this papor £6 rofor to all tho investigators 
who havo studiod the role of oxygon in animal’ and human orgenisms, Zuntz, 
Haldanc, Barcroft, Krogh, Bohr, Von Slyke, Honderson, Campbell, and. Poulton 
are a few of the many eélenticte who have ais additional insight into 
the mechanism of treathing (64). : 50h. 2582. : 


In modern medical practice inhalation ehakayy is said (64)-to be 
important in cardiac failure, congestive heart failure, coronary artery: 
disease, asthma, atelectasis of the lungs of the newborn (imperfect expan- 
sion of the lungs at birth), postoperative atelectasis (partial collapse 
of the lungs) , Pneumonia, pulmonary edema (serous fluid‘in the air vesicals 
and tissues of the lungs), emphysem (swelling due to air in the tissues),’ 
anoxia and brain lesions following fever therapy, Head injuries, parelysie 
of the pulmonary mesculature, cerebral embolism (obstruction by a clot in 
an artery in the main part of the brain), chronic pulmonary tuberculosis, 
blast injuries of the lungs, aerial transportation of patients with mm s- 
cellaneous diseases, submarine medicine and caisson disease, shock, 
accidental asphyxia, hemorrhage, peripheral arteriosclerosis (thickoning | 
of the coats of the arteries of the extremities), migraine: {periodic 
nervous headache accompanied by nausea, vomiting, and various sensory 
disturbances), seasickness, gas gangrene and tetamis, and war-gas poison- 
ing and lung irritants, | 


Type s of Oxygen Want 


There has been mich discussion regarding the proper terms to express 
the condition of oxygen want in the body. Various suggestions have been 
made, mostly based on the word anoxomla which is derived from the Greek an, 
meaning privation, plus oxygon plus onta (73). 


A ganeral term, anoxia, which may be interpreted ag oxygen. want, has 
been suggested by Barcroft croft (73) to include all conditions of oxygen wert in 
the body regardless of cause. He also suggested three typos of anoxia to be 
recognized; "Anoxic", "anemic", and "stagnant." Peters and Van Slyke (73) 
have suggosted a fourth, "ni stotoxic anoxia" (Grook histo, meaning tissuo, 
and toxikon, meaning poison). Tho failure to dietingui ah botween anoxia 
end asphyxia, which mans litorally "without.pulse", has causod considerable 
confusion. Van Liore has suggostod that anoxia be uscd to designato a 
diminished supply of oxygen to the tissuos, 8, and a asphyxia, a condition of 
anoxia combinod with an increase of carbon dioxido tonsion in tho blood and 
tissues. This 1s basod on Hondorson ond Haggard's (74) description of 
two forms of asphyxia. One form they described as causod by cossation of 
broathing, so that thoro is’ an oxcoss of carbon dioxido in tha. body. This 
could be caused by anything. that stopped rospiration. As anoxia rg 
the carbon dioxide accumlates, so that both conditions aoffoct the body. | 
tho othor form they doscribod, howovor, there is no intorforonce with — 
broathing oxcopt as a torminal ovent. 
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The classification of anoxia suggested by Barcroft and Peters and 
Van Slyke and quoted by Van Liere (73) is discussed in som dotail below. 


Anoxic ord 


This is one of the most sorious forme and affects the whole body. 
It may be produced by: 


1. Low tension of oxygen in the inspired air as a result of 
exposure to high altitudes, anesthotic egonts, or 
breathing inort gases. 

2. Abnormal conditions within the lungs, such as the presonce of 
fluid (causod by drowning) or from edoma or oxudatos; | 
obstiuction of air passages by other than Tluids; eras 
collapso of tho lungs, emphyscma. 


3. Shallow respiratory movements from any causo, 


-_ 


« Roflcx inhibition of rospiration from any causo (oxposuroe to 
nonrespirable gascs, blow on tho solor ploxus, otc,). 


5.. Embryological malformations of tho hoart or blood vessols. 


During anoxic anoxia tho partial pressure of oxygon and saturation of 
homoglobin arc both roduccd. Reduction in artorial prossuro is moro 
important than tho lack of oxygon saturation. Evidonce is availablo (73) 
that the volocity of tho oxidativo procosses in the tissucs is prceportional 
to tho partial prossure Which the oxygon cxorts, Loworing of tho partial 
prossuro of tho oxygon in the inspirod air is theroforo a serious handicap 
to tho body. 


Also, tho increased respirations producod by anoxia Wash tho carbon 
dioxide out of tho lungs, causing tho carbon dioxido artorial pressuro to 
fall. When the carbon dioxide tension is decreased, the hemoglobin docs 
not give up its oxygen readily; consequently, the tissues suffer from 
oxygen want, although there may be adequate oxygen in the blood. 


Anemic anoxia. 


Although this type is loss serious than the anoxic type, it affects 
the whole body (73). This type may be caused by the following conditions; 


ie “Acute or chronic hemorrhage from any cause. 

2, Primary or pernicious enema and secondary anomia or chlorosis. 

3. Altorations in tho hemglobin from nitrites, chloratos, and 
coal-tar derivatives. 

4. Carbon monoxide poisoning. 


Go gle 


Stagnant anoxia 


This type is due to a diminution in circulatory rate. Only local . - 
arcas of tho body may bo affected or the whole reony may bo involved, This — 
typo may be eocuces by: 


l. Gonoral failure of tho circulation or by local failuro, such 
as in Raynaud's discaso (gangreno duo to local asphyxia). 

2. Impairmont of vonous notre: 

36 Shock, 


Hi stotes es anoxia 


In this typo of snexia the cells aro not ablo to utilizo tho oxygon, 
although the amount of oxygon in the blood may bo normal and undcr norm l 
tension. It is producod charactoristically by cyanides but may bo procutoe 
thoorotically by any eee that eerEeeeds oe respiration, 


tiontnene of ieee | 


Tho throc chiof groups of indications for oxygon administration aro 
(1) to combat artorial anoxomic, (2) to hyporoxygcnato the blood in con- 
ditions not associated with anoxomia (coronary occlusion, fovor, mgraino, 
polycythomia, and so on), and (4%) to climinato nitrogon from tho body (to - 
provont docomprossion sickncss or to combat intestinal distontion) (72). 


Thoro is a great aifforonco of opinion as to tho amount of oxygon that. 
should bo administorod undor various conditions calling for oxygen thorapy. 
According to Evans (69), no doubt thousands of livos could bo savod oach 
yoar by a bottor undcrstanding of oxygon thcrapy. Its control is often of 
vitol importanco in many discasos and conditions in which anoxomia is 
froquontly ao sorious compli cation. 


Dosage 


Forty to 60 porcont oxygen has boon considorod by many to bo tho scfo 
saat Othors fool that up to 100 porcont is nocossary for best rosults. 
Evans (69) found that bost results in pneumonia woro obtainod whon 100 
percont oxygon wes givon continuously frem tho boginning of tho aueneres 5 

| whothor or not cyanosis vas apoeene ea 


An i112 pationt is ee, addi tional opportunity to rocovor whon ed- 
ministorod oxygen to maintain respiration. In recont yoors it has boon 
doterminod that cortain tissuos aro mcro ‘sorsitive to oxygen want then 
othors. Thc arms or logs my bo dcprivod of oxygon for as long as 1-1/2 
hours by completo closuro of tho artorial blood. supply end yot will function 
normally afterward, On tho othor hand, a dorson may dic when oxposod to 
comploto asphyxia for 10 minutcs or loss. Tho organ most sonsitivo to 
anoxia is tho brain, whoro pethological changes appoar in tho cortical 
colls eaeccompaniod by homorrhogo as a rosult of asphyxia, Tho function of 
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the heart also is‘ quickly impaired when it i¢ supplied oxygen at lowered 
pressure, - The adrenal glands probably ‘are quickly Ampaired ‘by anoxia (64). 


In general olinfceal medicine, it is not of erect importance ‘that a 
patient's vision or judgment is transiently impaired (64). However, in 
aviation the effects of oxygen want my imperil the lives of others as well 
as that of.the one affected if he should be the pilot of an airplane. 

Barach (64) states that 40 percent oxygen is adequate to overcom altitude 
anoxia up to approximately 18,000 feet. For higher altitudes, the oxygen . 
concentration may be incroased to 100 Trercenns which er the eee 
from anoxia up to 3h, 000 feot. 


The of fects of breathing high soncenteatidas ae oxygen have beon 
studied intensively. by many investigators on a variety of animals, Most 
of these investigators have reported the occurrence of irritation, con- 
gestion, and edema of the lungs, and oven death following long exposure. =. 
As @ result of the introduction and widospread use of apparatus des : 
to dolivor 100 percent oxygon, Comroo, Dripps, Dumke, and Doming (72 
conducted controlled oxporiments to detormine the limits for safe oxygen . 
usage in ‘thoropy’ and aviation. Thoy roached the following conclusions’ 


Me Ono Hondesa porcont oxygon administorod to a largo group of a 
normal mon continuously for 2h hours producod substernal distross 
_ in 82 porcont. Vital capacity was usually docroasod significantly. 
Signs of noso and throat irritation woro common, Control | 
subjects broothing room air through tho sam. apparatus did at 
_ @xporience theso symptoms. 

2. Intermittonco (up to 15 minutos rost ovory 3% hours) aia not: 

decroaso tho incidonco of tho complaints, 

Se: Soventy-fivo portent oxygon producod symptoms in only 55 

percont of the subjocts; 50 porcont oxygon producod no- 
symptoms during the 24-hour poriod.. As oxygon tonts or. 
cathotors raroly produco alvoolar oxygon concontrations: 
' highor than 50 porccnt, thoso forns of. admini storing 
-oxygon are complotoly safo. 

4, Broathing of 100 porcont oxygon at high alti tudos ( low total 
atmosphoric prossuros) doos not produco symptoms, indicating 
that tho symptoms aro duo te high oxygen tensions and not 
to oliminotion of nitrogen. 

De: Tho use of 100. porcent oxygen for short poriods is probably safe 

; in all pationts, but when oxygon mst be given for mre than 

12 hours those rulos. should bo. followed; (a) Tho oxygon con-. 
contration should be reduced. to 60 percent unless this is — 
insufficient. to saturate tho arterial blood, and (b) if 100. 
porcent oxygen mst be administoroed a careful chock should — 
bo mado for tho symptoms mst likoly to occur as a& rosult — 
of - we high ooeree of oxygon. .. 


“Cullon and eisiic (n) montion the. pulse rato ‘As “tho mst roliablo’ 
sign of oarly oxygen want. <As anoxia develops the pulse rate increases, and 
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as it is relieved by excess oxygen the pulse returne to its original rate. 
If there is no change in.the pulse rate with the administration of oxygen, 
4t can be assumed that the tachycardia is not due to oxygen want. The 
pulse rate also can be used as a guide to the proper time for the dis- 
continueance of oxygen therapy. If the oxygen is discontimed and the 
pulse rate rises, tha patient still requires excess oxygen. aa 


Central nervous system changes are manifested in early oxygen want. 
These are represented by sighing, yawning, and restlessness progressing 
at times to acute delirium, This restlessness, a common manifestation of 
oxygen Want, too often is mistakenly treated with sedative druge. The 
depressant action of these drugs only increasos the oxygon want and fails 
to control the restlessness until dangerous doses are employod (71). 


Precordial (over the heart or stomach) pain may develop with early 
oxygen Want and some individuals will have fibrillary mscle twitchings. 
Cyanosis, which at first may have been only slight, may become marked, 
and convulsions may replace the twitchings (71). 


A new method of treatmont of silicosis and anthracosilicosis with 
intermittent positivo-pressure broathing plus nebulization of bronchodilator 
drugs has been devoloped (75) for the treatment of pationts with silicosis, 
emphysema, and dyspnea, with and without bronchial infection. Moro than 
1,000 miners are said (76) to have boon givon simlar troatmont. All 
patients (72) receivod a course of troatment of 1 to 2 weoks' duration 
consisting of four 15-minute applications per day of intormittent positivo- 
pressure broathing, using 100 percent oxygon and 1.5 cc. of 0.5 porcont 
neosynephrinc in tho nebulizor. Sccondary reactions have not boun noted. 
Uso of penicillin in concontrations as high as 50,000 units in 1.0 cc. of 
salino combined with aforomontionoed amount of nooaynephrino in pationts . 
with suporimposod bronchial infoction has boen satisfactory. All paticnts 
troated thus far have reportod som subjoctivo roliof consisting primrily 
of less "tightness" of the chest, "lightor" and oasler broathing, decroasod 
secretions and cough, improved apotite, and more strongth. In anthre- 
cogilicotic patients with dyspnea promotion of bottor drainago from tho 
bronchi and bronchiolos appoars to bo the mst beneficial cffoct of the 
troatmont. | - -? 


| | P | 
The method of troatment using intormittont positive-prossuro brcathing 
obviously is not a cure for anthracosilicosis, but in about 60 percent of 
tho advancod casos dofinite symptomtic relief can bo oxpoctod when 100 . 
porcent oxygcn is omployod; improvomont in function in tho loss scvore types 
pormite. the minor to return to work. In the lattor group, it has bocn 
found advisablo to provido one troatmont daily bofore or aftor work. 
Motley and coworkors discuss in moro detail in tho Archivos of Industrial 
Hygiene and Occupational Modicine (77) the mthods of dotormining the 
degree of disability (inability to. work) that is the naturo of the 
rospiratory impairment in anthracosilicosis and the corrolation of tho 
results with the usual clinical findings, and tho rosults of troatmont with 
intermittent positive prossuro breathing. Thoy state: 
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In the attempt to provide subjective relief in patients with 
anthracosilicosis, the most effective treatment has been the sim 
ultaneous use of intermittent positive pressure breathing and 
nebulization of bronchodilator drugs (vapnefrin or isuprel). This 
treatment promotes bronchial drainage, provides a more uniform 
distribution of aerosols, with increased effectiveness of the 
bronchodilator drugs in relieving bronchospasm, and provides a 
breathing exercise improving mscle tone. The data obtained from 
Physiologic studies with intermittent positive pressure breathing 
indicate that the increase in oxygen saturation of arterial blood 
and the decrease in the mean oxygen pressure gradient from alveoli 
to arterial blood in breathing air result from a mre uniform 

. aeration of alveoli in which tho ventilation impaired by mechanical 
- obstruction from fibrosis and loss of oe was further 
hampered by ‘bronchospasm. 


Methods And Apparatus For Therapeutic Administration of Oxygen 
Inhalation 


The first requirement for effective and economical administration of 
oxygen for therapeutic purposes is a supply of oxygen in large industrial- 
typo cylinders of 200 cubic feet or more capacity. The former use of “md~ 
ical" oxygen in low-pressure cylindors was'oxpensive, wasteful, arid difficult 
to regulate. Howover, to employ the oxygen available in large cylinders 
at high pressuros, a dependable oxygen rogulator is nocossary with all types 
of oxygen-therapy equipment. . Such a noe a with directions for its 
uso, is availablo (64). 3 


Cullen and Skowis (71) mention five fundamental and practical critoria 
for -ovaluating the various modos of administoring oxygon, The methods mst 
po (1) clinically or scientifically officacious; (2) readily availeble for 
a numbers; (3) economical; (4) a simple tochnic; and (5) mst not 
pene with nursing caro. 


The mothods of administering oxygon thorapy commonly in use are: Tho 
oxygon tont, the mask, tho oropharyngcoal catheter, positive-pressire holmot 
apparatus, oxygon faco tents and loose Fitting masks, and oxygen chambors 
and oxygen roons. = . 


Tho eayecn tont is ‘used to administor oxygon concentrations Metecan 
40 ond 60 porcont.and to provide the paticont with hygionic conditions of 
tomporature: and rolative humidity. Tho principal advantages aro ‘tho 
ability to obtain relativoly high concentrations of oxygen efficiontly, 
tho cooling of tho atmosphoro, and tho lack of appliancos on tho pationt's 
faco. Tho. disadvantages aro its rolativoly high initial cost, its nood 
for closo and constant suporviedon, and its intorforonce with corplote 
mursing caro (71). 


Oxygon masks aro cepoecially offoctive for administering very high con 
contrations of oxygon. Thore aro two typos of oxygon-mask apparatus that aro 
considored both confortablo and offectivo (6h). 
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The oropharyngoal cathotor mothod of administoring oxygon is in- 
expensivo and efficiont and thoro is no interforcenco with nursing care. 


Tho positivo prossuro helret, also callod the holiumoxygen hood, is 
dosigned csscntially for tho administration of holiumoxygon mxturce or 
100 porcont oxygen. 


Loose-fitting masks or faco tents consist of plastocolo or cardboard 
covorings which my bo molded ovor tho bridgo of tho noso to includc tho 
mouth and nasal oponings. 


Oxygen chambors and oxygen rooms orfor the most corfortable nothods 
of administering oxygen to tho pationt. A porteble oxygon chanmbor is 
desirablo for use in private residonces, The oxygen concentration may 
bo regulated accurately, and nursing and modical care may be carriod out with 
iinimal variation in the concentration prescribed, | 


The various apparatus and nothods for tho thorapeutic administering of 
oxygen rontioned here are discussed and doscribed in gotatd by Barach (64), 
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